The effect of nitrogen form (nitrate or nitrate-ammonia-amide) and a type of polyethylene film (two types, differing light transmission, light dispersion and PAR) covering a tunnel on the content of macroelements in the leaves of sweet pepper being in different stages of growth were studied. The plants were grown in rockwool slabs, using a drip fertigation system without recirculation. In each part of the tunnel there were two sets of cultivation gutters independently supplied with nutrient solution containing different forms of nitrogen: nitrate (100% N-NO 3 ), nitrate-ammonia-amide (50% N-NO 3 , 13% N-NH 4 , 37% N-NH 2 ).
Summary
The effect of nitrogen form (nitrate or nitrate-ammonia-amide) and a type of polyethylene film (two types, differing light transmission, light dispersion and PAR) covering a tunnel on the content of macroelements in the leaves of sweet pepper being in different stages of growth were studied. The plants were grown in rockwool slabs, using a drip fertigation system without recirculation. In each part of the tunnel there were two sets of cultivation gutters independently supplied with nutrient solution containing different forms of nitrogen: nitrate (100% N-NO 3 ), nitrate-ammonia-amide (50% N-NO 3 , 13% N-NH 4 , 37% N-NH 2 ).
Dry matter and mineral composition were determined in the leaves with petioles. The leaves were collected in three stages of growth, e.g. intensive vegetative growth, flowering and full fruiting.
The plants fed with nitrate N form contained more Ca and Mg, irrespective of a type of polyethylene film and stage of growth. N form had no effect on K content, except in plants being in flowering. In all stages of growth, irrespective of a type of polyethylene film, the plants fed with nitrate-ammonia-amide N form accumulated more N.
The effect of a type of polyethylene film covering a tunnel on nutritional status of the plants being in stage of intensive vegetative growth or flowering was not univocal. However, in fruiting chemical composition, except N content in year 2007, did not depend on a tunnel part. key words: fertigation, mineral composition, vegetation period, rockwool INTRODUCTION Sweet pepper is one of the most popular vegetable. The popularity comes from a fruit taste as well as from the high level of antioxidant constituents in the fruit, such as carotenoids, phenols and capsaicinoids (Menichini et al. 2009 ).
Nitrogen fertilization affects sweet pepper fruit set (Xu et al. 2001 ) and yield (Schon et al. 1994; Xu et al. 2001) . On the other hand it is well documented that sweet pepper prefers nitrate N to NH 4 -N form (Zornoza et al. 1988; Jung et al. 1994) . However, the optimum proportion of nitrates to NH 4 -N depends among others on growing period, climate conditions and total N concentration (Xu et al. 2001) . It is possible that also light conditions may influence plant requirement for N form (Jung et al. 1994) .
N form determines the absorption of nutrients by the sweet pepper plant (Marti & Mills 1991 , Xu et al. 2002 . Whether a reaction of plants on different N form depends on a type of polyethylene film covering the tunnel has not been studied yet. Thus the objective of this study was to determine the effects of N form and type of polyethylene film covering the tunnel on nutrient status of sweet pepper plant estimated by the composition of leaves.
MATERIALS AND METHODS
Plants of sweet pepper cv. Spartacus F 1 were grown in years 2007 and 2008 in a polyethylene film tunnel, in Master Grotop rockwool slabs (Grodan) placed in gutters, using a drip fertigation system without recirculation. Solution application was provided by fertilizer mixer and adjusted to light conditions. The plants were fed with the solution contained on average (mg·dm -3 ): N-150, P-50, K-200, Ca-160, Mg-50, Fe-2, Mn-0.55, B-0.32, Cu-0.05, Zn-0.26, Mo-0.05 and with pH 5.5, EC 1.8-2.0 mS·cm -1 . The ratio of N:K and N:Ca, as well as EC were adjusted to the stage of growth. The solution was based on single and multinutrient fertilizers. Microelements were supplemented with Mikromix Roza and Tenso. Plants were grown with two stems, with density 3 plants per m 2 . The cultivation was carried out in a tunnel divided into two parts, covered with two types of polyethylene film. One part was covered with Ginegar polyethylene film (type 1) and another with Gemme 4S polyethylene film (type 2). The two polyethylene films differed in light transmission (86 vs. 90%) and light dispersion (50 vs. 15%). In addition, Gemme transmitted 30% more PAR than Ginger.
In each part of the tunnel there were two sets of cultivation gutters independently supplied with nutrient solution containing different forms of nitrogen: -nitrate (100% N-NO 3 ) -nitrate-ammonia-amide (50% N-NO 3 , 13% N-NH 4 , 37% N-NH 2 ).
In each set there were 3 gutters, which were the replicates. There were 63 plants in each gutter. So totally there were 756 plants (2 parts of tunnel x 2 sets x 3 gutters x 63 plants).
During a growing period the plants were three times subjected to chemical analyses for macronutrients (three stages of growth). Chemical analyses were performed on leaves together with petioles (10 from each gutter), collected at the half of the plant height in following stages of growth: 1. intensive vegetative growth -a leaf over the II cluster 2. flowering -a leaf over the V cluster 3. full fruiting -a leaf over the VIII cluster.
Dry matter was determined in the oven in 105ºC to the constant weight. Nitrogen was determined by Kjeldahl method (Ostrowska et al. 1991) . P, K, Ca and Mg were determined spectrometrically on ICP apparatus after mineralization in a mixture of H 2 SO 4 /HNO 3 /HClO 4 (Ostrowska et al. 1991) .
All data within each stage of growth and year were subjected to a 2-way analysis of variance using GLM procedure of SAS (1996) and considering a form of nitrogen and type of polyethylene film covering the tunnel as experimental factors. A significance was declared at P=0.05.
RESULTS AND DISCUSSION
In both years there were no treatment effects on leaf dry matter content, except of higher dry matter in the leaves collected from plants grown in the type 2 tunnel, being in full fruiting in year 2007 and flowering in year 2008. Additionally, in flowering, in year 2008, the leaves of plants fed with nitrate N form contained more dry matter than those fed with nitrate-ammonia-amide form.
Every year, irrespective of the treatment, the aging of plants increased leaves dry matter content (Table 1 & 2) . Marcussi et al. (2004) observed a slow accumulation of dry matter in sweet pepper plants till 60 days after planting, then there was a fast increase in dry matter content. At the beginning of growth dry matter was accumulated mainly in the leaves, shoots and roots, then from 60-80 to 100-120 days in the fruits. At full harvest, e.g. from 120 days the renewed vegetative growth was observed, expressed in an intensive increase in numbers of leaves, roots, height of shoots, leading to the repeated accumulation of dry matter in these organs (Marcussi et al. 2004) .
Mineral composition of the leaves is presented in Table 1 and 2. In both years and in every stage of growth, irrespective of a type of polyethylene film the plants fed with nitrate-ammonium-amide N form accumulated significantly more N than those fed with nitrates only. The only exception was found in intensive vegetative stage, in year 2007, when plants fed with nitrates contained more N. In a study of Xu et al. (2001) replacement of nitrate N by the N-NH 4 form increased N concentration in the sweet pepper leaves and shoots. This increase was found irrespective of a season, e.g. spring-summer (high light intensity) and autumn-winter (low light intensity). Also according to Zornoza et al. (1989) introducing of 20% N-NH 4 into nutrient solution significantly increased mineral and organic N content in pepper leaves when compared with plants fed with nitrate N only. Similarly Cabrera et al. (1996) observed higher N uptake rate by roses, when two forms of nitrogen (ammonium and nitrate) or ammonium only were in the solution when compared with nitrate N only. In the studies of Kronzucker et al. (1999) delivery of both N forms (ammonium and nitrate) improved growth and yield of rice plants. Note: see Table 1 The amide N was an additional source of NH 4 + ions in the nitrateammonium-amide solution in the present study. Hydrolysis of urea in the soil is relatively rapid, but in hydroponic systems used inert media a rate of hydrolysis is slower. According to Sady (1987) in the cultivation gutters of the NFT sys-tem there are favorable conditions for high microbiological activity and, hence conversion of urea into ammonium form is possible.
According to the common opinion pepper plants favor nitrate form of nitrogen (Marti & Mills 1991) . However, at low light intensity and at temperatures below optimal introducing of 10-30% of total nitrogen in the ammonium form is profitable (Zornoza et al. 1988) . Limitation of NO 3 -uptake at low temperature results from the susceptibility of HATS system responsible for the active assimilation of nitrates from the root area (Glass 2003) . Xu et al. (2001 Xu et al. ( , 2002 found that the beneficial reaction of pepper on ammonium form depended on stage of growth. The authors recommend application of 30% N-NH 4 up to the end of vegetative phase, while during flowering and growth of fruits the N-NO 3 form only should be used. Longer supply of high doses of N-NH 4 reduces the number of leaves, decreases the growth rate and yield. The rate of uptake of different N forms by plants depends strongly on pH of the root area. At pH 7.0 pepper uptake mainly N-NH 4 while at lower values N-NO 3 is preferable (Ikeda & Osawa 1981) .
The effect of a type of polyethylene film covering the tunnel on N content in the leaves depended on the year of experiment. In year 2007 the leaves of plants grown in both parts of tunnel had similar N content, irrespective of the N form used in the solution and stage of growth. On the other hand in year 2008 during the first two growth phases, the plants grown in a part of tunnel covered with polyethylene film of lower light transmission and higher dispersion (type 1) accumulated significantly more N, although this tendency was not observed in intensive vegetative stage the plants fed with nitrate form (a significant interaction).
In both years N content in plants increased up to the flowering phase and then decreased during the fruiting. Dynamics of changes in growing phases was more apparent in year 2007. According to Hoffmann et al. (1984) sweet pepper uptakes intensively nitrogen (depending on cultivar) till turning out of the fruits or even full fruiting, then it becomes stable, but slightly slower.
Phosphorus content in the pepper leaves did not depend neither on the N form nor type of polyethylene film. Only in year 2008 in flowering, irrespective of a type of polyethylene film, a higher level of P was found in plants fed with nitrate-ammonium-amide solution. Additionally, in this stage of growth, irrespective of N form, the plants grown in a type 2 tunnel accumulated more phosphorus. It is commonly considered that fertilization with ammonium form of N can increase P uptake by plants (Gill & Reisenauer 1993) . This phenomenon can be resulted from better availability of P in the environment acidified by H + desorpted by the roots as a reaction on NH 4 + uptake. On the other hand, the uptake of nitrate N alkalize the root area, which causes a conversion of H 2 PO 4 -into less available P forms such as HPO 4 -2 and PO 4 -3 . A lack of such tendencies in a present study could be explained by keeping similar pH of the solution in the rockwool, irrespective of N form. This effect was obtained by the permanent supply of nitrate-ammonium-amide solution with higher pH for 0.2, when compared with nitrate one.
Plants grown in the tunnel part with the lower light transmission and PAR exertion (type 1) accumulated more K. However, this tendency was significant only in year 2008 in plants being in an intensive vegetative stage. It is inconsistent with results of Xu and Kafkaffi (2003) who observed higher levels of K in pepper plants cultivated in season with more intensive light (summer) than in winter. According to Gill and Reisenauer (1993) and Von Wirén et al. (1997) nutrition of plants with ammonium N can limit uptake of K, Mg and Ca. It results from the competition of ions of similar properties for active centers of enzymes or molecular transporters localized in plant cell membrane (Starck 2002) . Von Wirén et al. (1997) reported that in high NH 4 + concentration in the root area (0.1-1.0 mM) the NH 4 + and K + ions are transported by the same membrane channels, hence, supply of K is limited. Additionally, acidification of the root area, resulted from application of reduced N forms, lowers K uptake by the plants. This is the reason to maintain the stable pH in the nutrient solution (Moritsugu & Kawasaki 1983) . According to Xu et al. (2002) enrichment of nutrient solution with 15-30% N-NH 4 (as % of total N) can improve the efficiency of K uptake. In a present study the N form used did not affect content of K in pepper leaves, except in year 2008, in flowering when the plants treated with the nitrate-ammonium-amide solution accumulated more K.
Potassium content in pepper leaves changed depending on stage of growth. The highest K level was found in flowering (75-80 day) and fruiting (100-110 day). Similar results were obtained by Marcussi et al. (2004) who observed the absorption of 60% K in a period between 61-100 days after planting.
In all studied stages of growth, irrespective of a type of polyethylene film, N form affected the Ca content in pepper leaves. Plants treated with nitrate solution accumulated significantly more Ca than those fed with the reduced N forms. One of the reasons of blossom end rot (BER) in tomato and pepper fruits is Ca deficiency evoked by fertilization with ammonium N form. Xu et al. (2001) found that increasing N-NH 4 to 50% (% of total N) in the nutrient solution caused a distinct increase in number of pepper fruits with symptoms of BER, in spite of no effect on total yield. BER is caused by the antagonism between ammonium and calcium ions.
The Irrespective of a type of polyethylene film covering the tunnel and year, the plants fed with nitrate N form contained significantly more Mg which could be resulted from antagonism between ammonium and magnesium ions (Starck 2002) . The effect of light intensity in all stages of growth on Mg content was not significant, except in flowering, in year 2008, when the plants grown in type 2 tunnel (polyethylene film of higher light and PAR permeability) accumulated significantly more Mg. W okresie uprawy liście poddano analizie na zawartość suchej masy i makroskładników. Materiał roślinny pobrano w trzech fazach wzrostu, tj.: intensywny wzrost wegetatywny, kwitnienie i pełnia owocowania.
Wyższą zawartością Ca i Mg charakteryzowały się rośliny odżywiane pożywką zawierającą wyłącznie formę azotanową. Zależność ta wystąpiła we wszystkich analizowanych fazach wzrostu. Forma azotu nie miała wpływu na zawartość K w liściach papryki, z wyjątkiem roślin będących w fazie kwitnienia. We wszystkich fazach wzrostu więcej N zgromadziły rośliny odżywiane pożywką azotanowo-amonowo-amidową.
Wpływ rodzaju folii pokrywającej tunel na stan odżywienia roślin będących w fazie intensywnego wzrostu wegetatywnego i kwitnienia był niejednoznaczny. W kolejnej analizowanej fazie wzrostu roślin, tj. pełni owocowania, zawartość oznaczanych skład-ników, z wyjątkiem N w 2007, nie zależała od rodzaju folii pokrywającej tunel.
